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FOREWORD 


Tflis  publication  is  one  of  a  series  containing 'information 
for  trie  hydro  logic  design  of  farm  *>onds  and  of  otner  conservation 
strucutres  and  practices  in  important  agricultural  areas  where 
hydrologic  studies  have  been  made  by  the  Soil  Conservation  Serv- 
ice. The  information  and  procedures  contained  in  these  publica- 
tions are  based  on  runoff,  rainfall,'  and  otner  hydrologic  data 
obtained  from  the  runoff  studies  and  from  otner  research  projects 
of  the  Serjice  conducted  in  co-operation  with  State  Agricultural 
Experiment  Stations.  United  States  Weather  Bureau  records  of  pre- 
cipitation and  published  and  unpublished  records  of  evaporation; 
published  and  unpublished  records  of  stream  flow  of  the  United 
States  Geological  Survey;  and  "available  records  from  other  sources 
are  utilized  -in  the  preparation  of  c ':eze  technical,  publications. 

Basic  hydro  logic  data  for  the  Claypan  Prairies,  particularly 
records  of  runoff  from  small  watersheds,  are  still  limited  both  as 
to  range  in  watershed  size  and  as  to  lengtn  of  record.  More  def- 
inite information  iz  needed  cn  ^elation  of  rates  and  amounts  of 
runoff  to  size  of  drainage  area  crd  on -other  factors,  such  as 
seepage  and  silz-in^."  Rukojtf  .  studies ;:must  be  -  continued  over  a 
period  long  enough  to  verify  the  value  of  rates  and  amounts  of 
runoff  for  various  recurrence  intervals.  Field  studies  of  evapo- 
ration from  smait<  reservoirs  must  be-,  conducted  to  verify  the 
values  used  in  this  reoort.  In  view,  of  the  above,  the  information 
contained  in  this  publication  must  be  considered  tentative  and 
subject  to  revision,  until  such  time,  as  the  deficiencies,  in  basic 
hydrologic  aatz.  are  -eliminated.  h 

Simplified  instructions  be  zed  on  this  publication  ere  made 
available  fo~  use  in  planning  small  farm  ponds,  the  cost  of  which 
will  not  exceed  $500.  ■  Tne  more  complete  procedure  outlined  in 
this  report  should  be  followed  in  planning  costlier  developments 
and  smaller  ponds  in  which  only  minor  fluctuations  in  the  depth 
of  water  can  be  permitted. 
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SYNOPSIS 


This  report  consists  of  two  parts:  Pert  I  deals  with  the  hydrologic 
design  of  farm  ponds;  Part  I.'  ;ives  rates  of  runoff  for  use  in  tne  design 
of  conservation  structures  on  small  agricultural  areas. 

The  values  and  recommendations  are  based  on  the  authors'  analysis  and 
interpretations  of  hydrologic  records  obtained  by  the  Soil  Conservation 
Service  from  research  projects  conducted  in  co-operation  with  the  Agri- 
cultural Experiment  Stations  of  Illinois,  Missouri,  and  Oklahoma,  and  of 
related  publisned  and  unpublished  records  obtained  from  other  sources. 

The  principles  involved  in  the  hydrologic  design  of  farm  ponds  are 
discussed  briefly.  Quantitative  relations  are  presented  in  the  form 
of  equations  and  formulas.  Values  of  evaporation  minus  precipitation 
E  -  P  and  of  surface  runoff  R  for  use  in  the  hydrologic  design  of  farm 
ponds  are  given  in  table  1.  Tne  use  of  tnese  values  in  the  planning  of 
large  farm  ponds  is  illustrated  in  numerical  examples.  The  examples  must 
be  carefully  studied  to  gain  a  working  Knowledge  of  tne  procedures  out- 
lined in  tnis  report.  The  areas  of  application,  the  4  zones  in  which 
different  values  of  E  -  P  and  R  are  to  be  used,  and  the  factors  to  be 
applied  to  the  basic  rates  of  runoff  are  shown  on  a  map,  (fig.  1). 

The  meaning  of  "recurrence  interval"  which  is  basic  to  the  proper 
use  of  the  information  is  strongly  empnasized  and  explained  on  page  6. 

Because  the  hydrologic  design  of  farm  ponds  and  conservation  struc- 
tures involves  estimates  of  future  occurrences,  and  because  of  the  lack 
of  sufficient  hydrologic  records,  the  authors  felt  compelled  to  be  con- 
servative in  arriving  at  the  values  preserved  in  this  report.  For  this 
reason,  no  "factors  of  safety"  need  be  applied  in  using  the  curves  and 
values  given  herein,  particularly  the  values  of  £  -  P  and  R. 

No  information  is  included  on  the  structural  design  and  hydraulic 
characteristics  of  grassed  channels,  terraces,  spillways,  and  other  struc- 
tures used  in  disposal  of  excess  runoff,  or  of  appurtenances  of  farm 
ponds.  Reference  is  made,  however,  to  published  reports  of  the  Soil  Con- 
servation Service  and  to  other  publications  dealing  with  these  subjects. 

The  results  of  the  analysis  presented  in  this  report  indicate  that 
dependable  supplies  of  water  sufficient  for  livestock  and  other  uses  onthe 
farm,  including  supplemental  irrigation,  can  be  readily  secured  by  means 
of  farm  ponds  of  reasonable  depth  on  drainage  areas  (less  than  100  ac). 
The  rather  small  differences  in  rates  of  runoff  to  be'  used  in  the  design 
of  various  structures  on  pasture  and  cultivated  watersheds  in  the  Claypan 
Prairies  are  no  doubt  due  to  the  very  limited  capacity  of  the  soils  to 
absorb  and  retain  the  large  amounts  of  intense  rainfall  which  may  be  ex- 
pected once  in  25  or  even  once  in  10  years. 
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SOURCES  OF  DATA 


The  Claypan  lYalrles  In  Illinois  and  Indiana;  Iowa,  Missouri,  Kansas,  and  Oklahoma, 
(fii-  i^.'aro  the  areas  in  which  the  data  included  in  this  publication  are  applicable. 
Within  these  areas,  records  of  runoff  applicable  to  the  design  of  conservation  structures 
and  practices  for  snail  drainage  basins  are  limited  to  those  obtained  by  the  Soil  Con- 
servation Service  near  Kdwanlsville,  Illinois;  Muskogee,  Oklahoma;  and  McC red ia,  Missouri. 
The  records  from  these  studies  include: 

(a)  Runoff,  rainfall,  temperature,  relative  liumidtty,  and  cover  and  tillage  records 
for  6  years  (1908-13)  for  4  watersheds  located  north  of  Edwardsvilla,  Illinois.  These 
4  watersheds  Include  a  1^.5-acre  terraced  and  cultivated  area;  a  iJ7-acre  area  which  was 
in  mixed  crops  for  J  years  (1938-40)  and  alfalfa  for  3  years  (1041-43);  a  50-acre  pas- 
tured area;  and  a  iiOO-acre  mixed-crop  area  (l/«J  open  and  wooded  pasture,  1/4  alfalfa, 
and  l/4  cultivated) . 

(b)  Runoff,  rainfall,  temperature,  relative  humidity,  and  cover  and  tillage  records 
for  a  5-year  period  (1939-43)  from  4  watersheds  near  Muskogee,  Oklahoma.  These  4  water- 
sheds include  a  14.5-acre  strip-cropped  area;  a  J^J-acre  cultivated  area;  a  «5-acre  pas- 
tured area;  and  a  05-acre  terraced  and  cultivated  area. 

(c)  Rainfall  and  ninoff  for  3  years  (1041-43)  on  a  153-acre  pastured  area  at  the 
Soil  Conservation  t&  perl  men  t  Station  near  McCredie,  Missouri. 

Records  of  evaporation  from  United  States  Weather  Bureau  class  A  pans  are  available 
for  6  to  8  years  at  a  number  of  locations  within  or  near  the  Claypan  Prairies,  one  sta- 
tion having  an  ll-vear  record.  "Kvaporatiou  from  Lakes  and  Reservoirs,"  by  the  Minne- 
sota Resources  Coamlssion,  contains  mean  monthly  evaporation  and  annual  evaporation  - 
pitted  by  Adolph  Meyer's  formula  for  50  years  at  several  locations  within  the  Claypan 
l'rairiws. 

United  States  Weather  Bureau  records  of  precipitation  for  50  years  and  longer  are 
available  from  a  nusaber  of  stations. 

Short  records  of  runoff  for  Canteen  Creek  at  Caseyville,  Illinois,  with  a  drainage 
area  of  ay. 5  square  miles  (Oct.  1930-43),  for  Indian  Creek  at  Wanda,  Illinois,  with  an 
area  of  37  square  miles  (Oct.  1040-43),  and  for  Bay  Creek  at  Plttsfield,  Illinois,  hav- 
ing an  area  of  39.6  square  miles  (Oct.  1939-43)  were  obtained  by  the  United  States  tk*o- 
loglcal  Survey. 

The  runoff  and  evaporation  records  are  far  too  meager  to  permit  a  complete  analy 
on  which  to  base  final  recommendations  for  design.     However,  in  view  of  the  urgent  r. 
for  hydrologic  data  in  connection  with  the  rapidly  expanding  conservation  programs.  Lt 
is  deemed  advisable  to  nake  available  the  best  estimates  possible  from  the  records 
talned  thus  far.    The  recommendations  contained  in  this  publication  must  be  considei  ; 
tentative,  and  subject  to  revision  when  additional  records  have  been  obtained  and  la- 
proved  methods  of  analysis  have  been  devised.     In  the  present  status  of  the  science 
hydrology,  rigorous  proofs  are  seldom  possible.     Some  of  the  recommendations  must,  there- 
fore* he  based  on  the  Judgment  of  the  authors  guided  by  experience  and  knowledge  of  • 
drologlc  phenomena •     For  tnis  reason,  and  because  this  report  is  intended  primarily 
sjuide  in  design  of  conservation  structures  and  practices,  no  attempt  is  made  to  dis 
the  procedures  followed  In  arriving  at  suggested  rates  of  runoff  and  other  data, 
brief  discussion  is  devoted  mainly  to  the  Methods  to  be  followed  in  utilizing  the  re- 
sults of  the  analysis  in  the  hydrologic  design  and  planning  of  farm  and  ranch  ponds 
of  other  conservation  structures  and  practices.. 


4 


The  design  and  planning  of  conservation  structures  and  practices  in  the  Claypan 
Prairies,  which  must  be  based  on  adequate  hydrologlc  data,  such  as  rates  and  amounts  of 
runoff,  evaporation,  precipitation,  etc.,  fall  into  the  following  general  classes: 

1.  Farm  ponds  used  to  furnish  water  for  stock,  domestic  use,  fish  production, 
supplemental  irrigation,  recreation,  and  other  purposes. 

.2.  Intercepting  ditches,  drainage- type  terraces,  grassed  waterways,  and  other 
channels  for  conveyance  of  excess  water  from  cultivated,  grassed,  and  other  areas. 

3.  Spillways  for  gully-control  structures,  soil-saving  dams,  and  for  farm  ponds; 
such  spillways  include  drop  inlets,  tile  drains,  notches,  and  flumes. 

PART  I.    HYDROLOQIC  DESIGN  OF  FARM  PONDS 


General  Considerations: 

Farm  ponds  have  an  important  place  in  a  balanced  agricultural  program  for  the  Clay- 
pan  Prairies.  Such  ponds  are  commonly  used  in  these  areas  to  provide  water  for  live- 
stock. The  recurring  droughts  in  the  past  decade  and  the  present  trend  toward  more 
pastures  have  resulted  in  a  greatly  increased  interest  in  farm  ponds  on  the  part  of 
farmers,  soil-conservation  districts,  and  other  agricultural  agencies  in  the  Claypan 
Prairies. 

Precipitation,  evaporation,  and  soil  characteristics  are  such  as  to  make  the  use  of 
farm  ponds  highly  advantageous  and  hydrologically  feasible.  The  shallow  soils  are  under- 
lain by  nearly  impervious  subsoils,  so  large  amounts  of  surface  runoff  are  obtainable 
from  cultivated  land,  and  considerable  amounts  from  areas  in  mixed  crops  and  even  from 
moderately  grazed  pastures.  Evaporation  during  the  growing  season  is  high,  and  for 
critical  periods  exceeds  the  precipitation.  It  is,  however,  not  so  great  as  to  make  im- 
practical the  use  of  relatively  shallow  ponds  of  considerable  capacity.  These  conditions 
indicate  the  feasibility  of  using  ponds  for  fish  production,  recreation,  fire  protection, 
orchard  spraying,  and  for  supplemental  irriiation  of  truck  gardens,  small  orchards,  and 
even  small  acreages  of  field  crops.  Farm  ponds  also  offer  a  practical  means  of  disposal 
of  excess  runoff  from  drainage- type  terraces.  Large  farm  ponds  may  under  certain  condi- 
tions be  effective  in  flood-flo.f  retardation  on  small  streams,  when  large  temporary 
storage  is  provided  above  spillway  elevation. 

Seepage,  which  in  other  regions  may  often  make  construction  of  farm  ponds  infeasi- 
ble,  is  not  serious  in  the  Claypan  Prairies.  With  reasonable  care  in  selecting  the  site 
and  in  constructing  the  dam  and/or  excavating  the  site,  seepage  can  be  practically  elim- 
inated. The  fact  that  adenuate  amounts  of  surface  runoff  can  be  expected  even  from  good 
pastures  makes  it  practicable  to  reduce  greatly  the  sedimentation  hazard  by  keeping  the 
area  adjoining  the  pond  in  pasture  or,  in  case  of  small  ponds,  by  keeping  the  entire 
drainage  area  in  pasture. 

In  the  Claypan  Prairies,  as  elsewhere,  the  feasibility  of  Individual  reservoirs  and 
their  cost  are  determined  by  the  characteristics  of  the  site  and  by  the  hydrologic  fac- 
tors Involved.  The  complexity  of  the  relations  makes  it  difficult  to  present  them 
clearly  and  concisely  except  by  means  of  numerical  examples.  The  users  of  this  publica- 
tion ara  urged  to  study  these  examples  carefully 'If  they  wish  to  acquire  a  working  knowl- 
edge of  the  basic  data  and  procedures  outlined  in  this  report. 
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fWinition  of  a  Dependable  Water  Supply:  - 

The  primary  consideration  in  a  farm  pond  designed  to  furnisn  required  amounts  of 
usable  water  is  the  dependability  of  the  water  supply.  What  constitutes  a  "dependable 
supply,"  or  stated  in  other  words,  how  often  can  the  amount  of  usable  water  be  allowed 
to  fall  below  the  required  minimum,  will  depend  on  the  purpose  of  the  pond,  the  cost  of 
construction,  the  economic  value  of  water,  and  the  expectancies  of  various  amounts  of 
precipitation,  runoff,  and  evaporation  in  the  region.  With  these  considerations  in  mind, 
a  dependable  supply  in  the  Claypan  Prairies  may,  depending  on  the  cost  and  purpose  of  the 
development,  be  defined  as  one  which  on  the  average  will  not  'ail  more  frequently  than 
once  in  5,  10,  or  25  years;  or  a  minimum  supply  which  can  be  depended  upon  80,  90,  or  96 
Percent  of  the  time.  In  arriving  at  tne  required  drainage  area  and  the  allowable  di- 
mensions of  tne  nond,  both  of  whicn  determine  the  available  supply,  it  is  necessary, 
therefore,  to  balance  against  the  total  amount  required  for  use  the  total  available 
supply  which  can  be  expected  to  be  equaled  or  exceeded  80,  90,  or  96  percent  of  the  time. 
This  must  be  done  for  several  critical  seasons  because  the  balance  may  be  favorable  for 
1  critical  season  but  may  prove  unfavorable  for  2  or  more  such  seasons. 

We  have  so  far  discussed  one  phase  of  dependability.  There  is  another  phase  which 
must  be  considered,  namely,  the  probability  of  the  pond  filling  within  a  reasonable  time 
after  completion.  A  deep  pond  with  a  given  surface  area  on  a  relatively  small  watershed 
may  furnish  a  dependable  supply  after  it  once  filled,  but  the  drainage  area  may  be  so 
small  that  exceptionally  heavy  precipitation  and  runoff  would  be  required  to  fill  the 
pond  while  it  is  supplying  the  required  amount  of  water.  If  the  occurrence  of  such 
heavy  precipitation  is  too  rare,  several  years  may  elapse  before  the  reservoir  is  filled. 
Obviously,  there  is  an  economic  limit  for  the  period  to  be  allowed  for  filling  the  pond. 
The  length  of  this  period  is  determined  by  economic  considerations  based  largely  on  the 
value  of  water  and  by  the  seasonal  distribution  of  rainfall,  runoff,  and  evaporation. 
Conditions  in  the  Claypan  Prairies  indicate  that  a  period  including  2  growing  seasons 
after  completion  of  the  pond — 17  months  if  the  pond  is  completed  in  the  late  spring  or 
early  summer — would  be  a  reasonable  period  to  allow  for  its  filling.  A  longer  period 
including  3  growing  seasons  may  be  allowed  in  special  cases. 

In  arriving  at  the  drainage  area  required  to  fill  a  given  pond  within  this  period, 
the  total  supply  for  17  or  29  months  beginning  in  May  must  be  balanced  against  the  total 
volume  of  the  reservoir  at  spillway  elevation  plus  the  amount  of  water  which  will  be 
used  during  the  period.  In  arriving  at  the  supply,  in  this  case,  it  is  not  necessary  to 
consider  amounts  which  may  be  expected  to  be  equaled  or  exceeded  as  much  as  96  or  even 
80  percent  of  the  time.  In  the  Claypan  Prairies,  amounts  which  may  be  expected  to  be 
equaled  or  exceeded  75  percent  of  the  time  are  considered  adequate  in  determining  the 
probability  of  filling  the  pond  within  a  reasonable  period  after  completion. 

At  the  present  time  the  tendency  is  toward  letting  the  construction  of  ponds  on 
contract.  Tnis  means  that  ponds  may  be  completed  in  the  late  spring,  early  summer,  or  at 
any  time  during  the  year  when  conditions  are  suitable  for  construction.  Small  ponds, 
however,  may  in  some  cases  be  constructed  by  the  farmers  themselves  in  which  case  they 
would  usually  be  completed  in  the  early  fall.  The  effect  of  using  in  all  cases  a  period 
whicn  includes  2  growing  seasons  would  be  that  of  an  added  factor  of  safety  for  cases 
when  the  ponds  are  completed  at  the  end  of  the  growing  season  because  in  such  cases  the 
actual  period  available  for  filling  would  be  24  instead  of  17  montns.  In  view  of  the  un- 
certainty as  to  the  time  of  completion,  it  is  not  deemed  advisable  to  use  periods  which 
include  only  1  growing  season  (12  or  19  months) . 


If  a  12-month  period  (beginning  i>n  October)  Is  allowed,  drainage  areas  considerably 
larger  than  necessary  to  maintain  a  dependable  supply  will  be  required  in  all  parts  of 
the  Claypan  Prairies.  Using  a  19-month  period  (beginning  in  Oct.)  will  not  greatly 
change  the  drainage  areas  in  some  parts,  wnile  in  others,  larger  drainage  areas  will  have 
to  be  used  than  are  necessary  to  maintain  a  dependable  supply.  Tha  types  of  spillways 
used  on  small  ponds  and  the  desirability  of  keeping  the  entire  drainage  area  within  the 
individual  farm  whenever  possible  make  it  important  to  insure  that  the  drainage  area  is 
not  larger  than  necessary  to  fill  the  pond  within  a  reasonable  period  after  completion 
and  to  maintain  a  dependable  supply  after  filling. 

Japortant  Note-. 

It  is  hell  to  emphasise  the  meaning  of  trie  expectancies  mentioned  in  the  foregoing 
discussion.  Uhsn  we  say  that  a  given  (mount  of  later  for  a  critical  period  can  be  ex- 
pected to  be  equaled  or  exceeded  96  percent  of  the  time,  on  an  annual  basis,  or  24  out  of 
25  years,  we  do  not  xsan  that  24  years  will  necessarily  elapse  oaf  ore  a  smaller  amount 
will  occur.  This  may  not  happen  at  all,  or  it  may  Happen  more  than  once  and  at  any  time 
during  a  24-year  period,  ye  mean  tnat  over  a  lone  period,  say  100  years,  lesser  amounts 
vlll  occur  on  the  overage  not  nore  than  once  in  25  years,  fhe  same  applies  to  75,  SO,  or 
90  percent  of  the  time,  IT  is  important  thai  tnis  concept  be  clearly  understood  by  both 
technicians  and  clients  when  technical  assistance  in  the  design  of  farm  ponds  is  ren- 
dered. 

Re latlon  Between  Hydroloolc  Factors,  Size  of  Qraln^oa  Area. 
ftToulred  Amounts  ci  vTdter.  and  Pi  cans  i  ons  oi  tha  Pond:- 

For  any  given  period  of  tiae  and  range:  in  depth  for  wnich  the  surface  area  of  the 
pond  is  practically  constant,  the  relation  between  tha  various  hydrologic  factors,  the 
drainage  area,  and  the  dimensions  of  the  pond  can  be  expressed  as  follows: 


RA  -  (g  -  P)a 


_  A  _ 


da  *  V 


vhere  A  (acres) 


■  Size  of  contributing  drainage  area 


R  (inches) 


■  Runoff  from  the  drainage  area  during  the  per.iod 
under  consideration 


a  (acres) 


■  Surface  area  of  the  pond 


E  (inches) 


=  Evaporation  from  the  pond  during  the  Period  under 
constierat  ion 


P  (inches) 


■  Precipitation  falling  on  the  Pond  during  the 
Period   under  Consideration 


U  (acre-inches) 


■  Amount  of  u,ater  used  during  the  period  under  con- 
sideration (by  livestpck,  in  irrigation,  or  for 
other  needsj 


S  (acre-inches) 


■  Seepzge  during  the  period 


d  (inches) 


Increase  (+)  or  decrease  (-)  in  depth  of  water 
during  the  period 


V  (acre-inches) 


Amount  of  mater  m  excess  of  the  cap*c%ty  of  the 
pond  uhxcn  is  misted  over  the  spillway 
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Anotner  factor,  not  included  in  the  above  expression,  is  the  loss  of  capacity  due  to 
silting.  Tne  nature  of  this  factor  and  the  limited  information  on  sedimentation  make  it 
impracticable  to  include  it  in  the  quantitative  relation.  Silting  in  the  Claypan  Prairies 
can  be  largely  eliminated  by  keeping  the  area  adjoining  the  pond  in  grass,  hater  from 
Fprinzs  is  not  considered  because  in  the  areas  under  consideration  few,  if  any,  springs 
exist  on  drainage  areas  of  less  tnan  50u  acres.  Tne  flow  of  such  springs  as  may  be  found 
will  be  greatly  diminished  or  will  disappear  entirely  during  critical  periods. 

In  the  Claypan  Prairies,  where  seepage  and  silting  ordinarily  can  be  neglected  if 
the  site  is  properly  selected  and  the  area  adjoining  tne  reser  air  is  kept  in  good  pas- 
ture, the  relation  for  critical  periods,  when  the  water  suppl;  does  not  exceed  the  ca- 
pacity of  the  reservoir,  may  be  expressed: 

RA  -  (E  -  P)a  -  U  =  da  (1) 

Note:     In  cases  where   seepage   cannot   be   eliminated,    its   amount  must,  be   estimated  in 
acre-inches  and  added   to   the   value   of  U. 

In  the  application  of  this  relation,  it  is  necessary  to  determine  (1)  amounts  of 
evaporation,  precipitation,  and  of  runoff  that  can  be  expected  to  be  equaled  or  exceeded 
75,  80,  90,  and  96  percent  of  tne  time, and  (2)  the  lengths  of  critical  periods.  This  must 
be  done  on  a  seasonal  rather  than  annual  basis  because  runoff,  precipitation,  evapora- 
tion, and  use  of  water  are  decidedly  seasonal  in  cnaracter.  The  distribution  of  pre- 
cipitation and  evaporation  and  the  relation  between  precipitation  and  runoff  in  the 
Claypan  Prairies  require  the  consideration  of  2  seasons — May  to  September  (5  months)  and 
October  to  April  (7  months) — and  of  critical  periods  of  5,  17,  and  29  months  including  1, 
2,  and  3  summer  seasons  (May  to  September) ,  respectively.  The  variation  in  evaporation 
and  precipitation  in  the  various  parts  of  the  Claypan  Prairies  made  it  necessary  to  di- 
vide them  into  the  4  zones  shown  in  figure  1,  and  to  make  separate  determinations  of 
amounts  of  E  -  P  and  R  for  each.  The  same  seasons  and  critical  periods  were  found  to 
apply  to  all  4  zones.  Precipitation  and  evaporation  do  not  cnange  abruptly,  as  the 
boundary  between  zones  2  and  3  in  figure  1  would  imply.  In  practice  however,  it  is  nec- 
essary to  draw  definite  lines  at  which  the  values  used  in  design  should  be  changed. 

Definition  of  Mean  Surface  Area:- 

The  relation  RA  -  (E  -  P)a  -  U  -  da  applies  strictly  only  when  a  is  practically 
constant.-  However,  in  view  of  uncertainties  in  the  determination  of  values  of  R  and  of 
(E  -  P)  for  various  expectancies,  the  work  of  calculating  and  using  a  number  of  surface 
areas  in  designing  a  pond  seldom  would  be  justified.  If  the  mean  surface  area  for  the 
entire  pond  is  properly  determined,  the  error  introduced  by  applying  it  to  the  full 
depth  is  not  likely  to  be  inconsistent  with  the  uncertainties  in  the  basic  data  used. 

The  mean  surface  area  of  any  pond  can  be  readily  obtained  from  the  total  volume 
and  maximum  depth  below  spillway  elevation  or  from  the  following  expression: 

B  +  T  + 

a  (in  acres)  =   

6 

where  B  -  Area,  at  the  bottom  of  the  pond,    m  acres 
T  =  Area  at  spillway  elevation  in  acres 
M  =  Area  at  mid-depth ,    tn  acres 
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The  great  majority  of  small  farm  ponds  are  neither  entirely 'in  excavation  nor  en- 
tirely natural.    The  actual  condition  existing  in  most  cases  is  illustrated  in  figure  2  1 


Fioure  2. — Section  through  typical  small  farm  ponds 

(For  ponds  wholly  in  excavation,  the  botton  of  the  spillway  is 
at  or  below  natural  around  and  h  and  '¥ j  =  0-  For  natural  ponds, 
with  borrow  pits  off  the  pond  sites,         -  0  and  D  =  h.  ) 


The  excavated  portion  V2  is  usually  an  appreciable  portion  of  the  total  volume. 
When  the  borrow  pit  for  the  dam  or  dike  is  off  the  pond  area,  tnere  is  no  excavation  and 
the  entire  volume  of  the  pond  is  above  the  natural  ground  and  is  equal  to  V\  • 

Vx  +  V2 

The  mean  surface  area  for  cases  illustrated  in  figure  2  is    acres  where 

D 

V 'i  and  V2  are  in  acre-feet  and  D-is  in  feet.  The  volume  of  excavation,  72  ,  usually  is 
determined  by  the  available  funds  and  is  known  in  advance. 

Wnen  the  pond  is  entirely  in  excavation,  which  would  be  the  case  when  the  site  is 

Pa 

level  or  practically  so,  the  mean  suriace  area  ir.  acres  is  >  where  F2  =  excavation 

F  '  1,614  D 

in  cubic  yards  and  D  -  maximum  dept.-  in  fe  :. 

With  the  mean  surface  area  a  determined  in  the  manner  just  outlined,  the  expression 
RA  -  ([  -  P)a  -  U  =  Do  is  applied  to  the  entire  depth  of  the  pond  0  for  critical  periods 
when  the  net  supply  does  not  exceed  the  caoacity  of  the  pond.  It  is  of  utmost  importance 
to  remember  this  in  applying  the  information  and  procedures  outlined  in  this  report.  If 
either  the  bottom  or  top  areas  are  used  instead  of  the  mean  surface  area,  the  results 
will  be  grossly  in  error  and  the  work  spent  in  applying  the  information  and  procedures 
will  be  comoletely  wasted. 


Equations  and  Formulas: - 


From  the  relation    RA  -  (E  -  P)a  -  D  =  Da,     it  follows  that: 

(a)  To  provide  a  dependable  supply  in  a  farm  pond,  tne  total  volume  (Da)  must  equal 
or  be  greater  than  the  difference  between  the  total  demand  and  tne  total 
supply  during  the  critical  period,  that  is,  Da  =  U  +  (E  -  Pja  -  AR.  For  criti- 
cal periods,  the  minimum  allowable  mean  surface  area  of  a  pond  with  a  depth  D- 
is  obtained  by  solving  the  above  expression  for  a  tnus: 


U  -  AR 

°  ~>D  -  (E  -  P)  (2) 


(b)  To  maintain  a  dependable  supply  in  a  pond,  the  total  supply,  during  critical 
periods  following  the  filling  of  the  reservoir,  plus  the  total  volume  of  water 
in  the  pond,  must  equal  or  be  greater  than  the  total  demand  during  the  period 
that  is,    AR  +  Da  ^  U  ♦  (S  -  P)a. 

From  this  expression,  tne  minimum  drainage  area  required  to  maintain  a  depend- 
able supply  is: 


A  5 


(E  -  P  -  D)a 


(3) 


(c)  To  fill  a  reservoir  within  a  reasonable  time  after  completion  or  after  empty- 
ing, (17  months  or  29  months,  beginning  in  Way),  the  total  supply  during  tnis 
period  must  equal  or  be  greater  than  the  total  demand  plus  the  total  volume  of 
the  pond,  or  AR  ^  U  +  (E  -  P)a  +  Da.  Solving  tnis  for  A  gives  the  following 
expression  for  the  minimum  drainage  area  required  to  fill  the  pond: 


0  *  (E  -  P  *  D)a 

 ^  (4) 


wnere  (E  -  P)  and  R  are  amounts  for  17  or  29  months  that  can  be  expected  to  be 
equaled  or  exceeded  75  percent  of  the  time. 
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Other  relations  wnich  are  not  used  directly  in  the  hydrologic  design  but  may  be  use- 
ful in  pond  management  include: 

To  prevent  excessive  waste  over  the  spillway,  the  drainage  area  should 
not  exceed  that  required  to  fill  the  pond  within  a  reasonable  time  of 
completion  and  to  provide  a  sufficient  water  supply  during  critical 
periods. 

For  a  given  mean  surface  area  of  pond,  greater  depth  wl  1  provide  more 
storage,  and  less  water  will  be  wasted  over  the  spillway. 

For  a  period  when    RA  -  (E  -  P)     Is  equal  to  or  less  than  U,   there  will 
be  no  waste. 

During  droughts,  the  same  storage  In  a  deep  pond  will  supply  water  for 
longer  periods  than  that  in  a  shallower  one. 

The  increase  in  depth  of  water  due  to  a  given  depth  of  precipitation 
falling  on  the  pond  Is  Independent  of  the  surface  area  or  the  depth 
of  the  reservoir. 

The  increase  in  depth  of  water  in  the  pond  resulting  from  a  given 
amount  of  runoff  from  the  drainage  area  varies  Inversely  with  the 
surface  area  of  the  pond--the  greater  the  area  of  the  pond,  the 
smaller  the  increase  in  depth  produced  by  a  given  amount  of  runoff. 

The  decrease  in  depth  resulting  from  a  given  use  will  vary  Inversely 
with  the  surface  area  of  the  pond. 

Design  Values: - 

Values  of  R  and  (E  -  P)  with  expectancies  of  75,  80,  90,  and  96  percent  of  time  foe 
use  in  expressions  (2) ,  (3)  ,  and  (4)  were  determined  for  each  of  the  4  zones  shown  in 
figure  1  and  are  given  in  table  1.  The  values  of  R  are  for  moderately  grazed  pastures 
or  for  drainage  areas  in  mixed  crops.  Values  of  runoff  from  terraced  and  unterraced 
land  entirely  in  cultivation,  which  would  be  greater,  are  not  given  because  in  the  Clay- 
pan  Prairies  it  is  neitner  necessary  nor  advisable  to  use  such  drainage  areas  for  farm 
ponds.  Watersheds  entirely  in  cultivation  will  seldom  exceed  20  or  30  acres.  If  culti- 
vated areas  should  be  used,  i.t  still  will  be  necessary  to  keep  the  lower  portion  of  tne 
watershed  in  grass,  wnich  in  effect  would  change  it  from  cultivated  to  mixed  cover. 

The  values  of  P  for  5,  17,  and  29  months  in  table  1  are  minimum  total  depths  which 
can  be  expected  75,  80,  90,  and  95  percent  of  the  time,  while  E  are  maximum  depths  for 
the  same  expectancies.  The  combination  of  minimum  precipitation  and  maximum  evaporation 
was  used  because  usually  e/aooration  is  nisn  when  precipitation  is  low.  It  will  be  noted 
that  evaporation  exceeds  precipitation  in  all  zones  for  all  periods,  and  it  is  for  this, 
reason  that  E  -  P  is  higner  for  the  nigher  expectancies.  Tne  values  of  R  are  based  on 
a  rainfall-runoff  relation  derived  from  the  records  from  the  several  experimental  water- 
sheds. Runoff  is  not  a  straight-line  function  of  precipitation.  Neither  does  the  same 
relation  hold  for  tne  summer  and  winter  seasons  in  tne  4  zones.  This  accounts  for  the 
variations  between  periods  and  between  zones. 


Table  1.— Values  of  E,  P,  E  -  P,  and  R  in  inches  for 
various  expectancies  and  critical  periods  in  the 
A  zones  of  the  Clcjpan  Prairies. 


Expectancy 
€  of  time 


5  months 


17  months 


E  -  P 


29  months 


E  -  P 


32 
34 
36 


29 
30 
32 


32 
36 
42 


45 
50 
56 


Zone  1   (Southern  Illinois  and  Indiana) 


74 

76 
80 


53 
52 
48 


13  19  0.27 
11        23  .08 

27  .0        83  I  43 

Zone  2    (Northwestern  Illinois  and  Iowa) 


21 
24 
32 
40 


6.45 
5.85 
3.55 
1.30 


15  .55 

13  17 

10  22  .05 

Zone  3   (Northeastern  Missouri) 


67 
69 
73 
78 


46 
45 
41 
38 


21 
24 
32 
40 


16 

22 
30 


.75 
.40 
.17 


77 
80 
88 
96 


16 
14 
12 

Zone  4  {Western  Missouri,  Kansas,  and  Oklahoma) 


52 
51 
47 
45 


25 
29 
41 
51 


2.55 
2.10 
.78 
.30 


5.9 
5.3 
3.0 
2.1 


li- 
ng 

123 
127 

107 
110 
116 
122 

118 
122 
132 
141 


16 
14 
13 


29 
36 
43 


.75 
.40 

.26 


103 
105 
112 
120 


49 
48 
44 

39 


54 
57 
68 
81 


4.10 
3.55 
1.65 
.60 


161 
165 
173 
180 


92 
90 
86 
80 

78 
76 
70 
64 

88 
86 
83 
80 

82 
80 
75 
70 


25 
29 
37 
47 

29 
34 
46 
58 

30 
36 
49 
61 

79 
85 
98 
110 
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Illustrative  Problems:- 


Ponds  Intended  for  fish  production,  recreation,  supplemental  irrigation,  and  other 
uses  requiring  either  large  amounts  of  water  or  ponds  in  which  only  minor  fluctuations 
in  depth  of  water  can  be  permitted  should  be  designed  by  the  application  of  expressions 
(2),  (3),  and  (4)  on  pige  9,  using  tne  values  given  in  table  1.  The  following  numerical 
examples  illustrate  th»  procedure  to  be  followed  in  the  design  of  such  developments: 

In  the  following  problems  an  expectancy  of  96  percent  of  time  was  used.  In  actual 
practice,  either  the  96,  90,  or  80  percent  expectancies  may  be  selected,  depending  on 
the  cost  and  purpose  of  the  developments: 


Determine  minimum  depth  of  pond  required  to  furnish  a  dependable  supply  under  the  fol- 
lowing conditions: 

LOCATION:    Near  Sparta,  Illinois 

REQUIRED  AMOUNT  OF  WATER:  36  acre-inches  per  annum  are  required  for  a  small  herd 
of  cattle  and  supplemental  irrigation.  Of  the  36  acre- inches,  33  will  be  used  dur- 
ing the  May  to  September  season  and  3  during  the  October  to  April  season. 

DRAINAGE  AREA:  The  drainage  area  above  the  best  available  site  consists  of  30  acres 
of  moderately  grazed  pasture. 

MAXIMUM  DEPTH  OF  POND:  Characteristics  of  the  site  and  legal  and  economic  con- 
siderations limit  the  depth  (height  of  the  dam  from  bottom  of  pond  to  bottom  of 
spillway)   to  20  feet. 

BORROW  PIT:     The  material  for  the  fill  is  to  be  obtained  from  an  off-site  borrow 


POND  SITE:  3orings  indicate  a  stratum  of  very  low  permeability  at  an  average  depth 
of  about  16  inches.  A  contour  map  of  the  site  gives  the  following  volumes  and  mean 
surface  areas  for  several  heights  of  dam: 


PROBLEM  1 


'  pit. 


Depth 

D 


Mean  Surface  Area 


a 


Volume 
V, 


feet 


mckes 


ac  re  s 


acre- 


acre- 
feet 


inc  hes 


10 
11 

12 
13 
14 
15 
16 
18 
20 


120 
132 
144 

156 
168 
180 
192 
216 
240 


.20 
.30 
.39 
.45 
.53 
.59 
.67 
.84 
1.02 


24 
40 
56 
70 
83 
106 
129 
182 
245 


2.0 
3.3 
4.7 
5.9 
6.9 
8.9 
10.7 
15.1 
20.4 
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SOLUTION  OF  PROBLEM  1 

Fiiure  1  shows  the  location  to  be  in  zone  1. 

Step  1.  F  rom  table  1  oLcair.  96  psrcent  values  of  R  and  (E  -  P)  for  the  3  critical 
periods  in  zone  1.  With  the  required  anount  of  water  and  the  distribution  givsn  above3 
ccxpute  values  of  D  for  5,  17,  and  29  .months  and  arrange  the  values  as  follows: 


Critical 
Period 

R 

(i  -  P) 

U 

mont At 

inches 

inches 

acre-inches 

5 

0 

27 

33  (May-Sept.) 

17 

1.3 

40 

69 

29 

7.5 

47 

105 

Step  2.   Determine  minimum  mean  surface  area  and  corresponding  depth  D  of  pond. 
To  maintain  a  dependable  supply,  the  mean  surface  area  a  must  equal  or  be  greater  than 


U-  -  AR 


— j  or  than 


when  R  *  0  (see  p.  9), 


D  -  (E  -  ?)'  "  D  -  (E  -  P) 

Far  a  10- foot  depth: - 

D  =  120  Inches  and  a  ■  0.20  acre  which  is  smaller  than 


33 


120  -  27 

D  ■  10  feet  and  a  *  0.20  acre  will  therefore  fail  during  a  5-month  critical  period 


A  pond  with 


For  an  11-foot  depth: - 

D  ■  132  inches  and  a  =  0.3  acre  which  is  smaller  than 


33 


132  -  27 
For  a  12- foot  depth: - 

D  =  144  inches  and  a  =  0.39  acre  which  is  greater  than 


33 


We  can  therefore 


144  -  27 

not  consider  a  reservoir  less  than  12  feet  deep. 

Vote:     In  practice   it  nay  be  advisable  to  consider  intervals   less  than  l  foot. 

Step  3.  Determine  whether  a  drainage  area  of  30  acres  will  be  sufficient  to  main- 
tain a  dependable  supply  during  critical  periods  of  17  and  29  months  in  a  pond  12  feet 
deep  and  a  mean  surface  area  of  0.39  acre. 

To  maintain  a  dependable  supply  the  drainage  area  A  must  equal  or  be  greater  than 

U  *  (E  -  P  -  D)a     (see  p.  9) 
R 

To  maintain  the  supply  over  a  17-month  critical  period  in  a  pond  with  D  =  144  (12  ft.) 
and  a  ■  0.39  acre,  the  ainimua  drainage  area  required  is 

69  +  (40  -  144)  0.39  „ 

*  A  *   =  22  acres 

1.3 


For  a  critical  period  of  29  months 


.      105  +  (47  -  144)  0.3S 

A  ■   F   ■ 

7.5 


A  pond  12  feet  deep  will  therefore  be  adequate  to  maintain  a  dependable  supply  after  th«| 
pond  is  once  filled. 


Step  4.    Determine  minimum  drainage  area  required  to  fill  a  pond  with  D  ■  12  feet 
and  a  =  0.39  acre. 

To  fill  a  pond  within  a  reasonable  time  after  completion,  the  drainage  area  A  must  equal 

or  be  greater  than 

U  *  (S  -  P  *  Dja    (see  p.  9) 
R 

where   (E  -  P)  and  R  are  the  17  months  75  percent  values  in  table  1. 


For  zone  3:    E  -  P  «  21  Inches,      R  3  6.5  inches. 
Required  amount  of  water  U  for  17  months  ■  69  acre- inches. 
Minimum  drainage  area  required  to  fill  the  pond  is  therefore 

69  ♦  (21  +  144)  0.39     _  . 

A  =  ■  ■  =  20-3  acres 

6.5 


The  30-acre  drainage  area  will  therefore  be  adequate  to  fill  the  pond  within  a  17-month 
period  from  the  time  of  completion. 

Note:  A  greater  depth  D  would  have  to  be  tried  if  either  of  the  com- 
putations in  step  3  gave  values  of  A  greater  than  30  acres.  If  the 
value  obtained  m  step  4  were  greater  than  30  acres,  a  longer  periti 
might  be  allowed  for  filling,  in  iihich  case  the  39  months.  75  percent 
values  given  in  table  1  would  be  used. 


CONCLUSIONS:  The  minimum  depth  (bottom  of  pond  to  spillway  level)  required  to  pro- 
vide a  dependable  3upply  of  36  acre-lnche3  per  annua,  is  12  feet,  provided  seepage  in  the] 
pond  and  through  the  dam  is  practically  eliminated  and  excessive  silting  is  prevented. 
If  a  grassed  spillway  is  to  be  used  or  if  wastage  over  the  spillway  must  be  kept  to  a 
minimum  for  any  other  reason,  the  drainage  area  should,  if  passible,  be  reduced  to  22 
acres  by  diversion. 
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PROBLEM  2 

Determine/ maximum  dependable  supply  under  the  following  conditions: 
LOCATION:    Roger  County,  Oklahoma 

REQUIRED  WATER  SUPPLY:  The  possibility  of  supplemental  irrigation  of  feed  crops  is 
being  considered.  Except  for  6  acre-inches  to  be  used  by  a  small  herd  of  cattle 
(3  ac.-in.  during  Kay  to  September  and  3  during  October  to  April),  the  entire 
available  supply  will  be  used  for  irrigation  daring  the  growing  season  (May  to 
September) . 

DRAINAGE  AREA:  The  drainage  area  above  the  best  pond  site  is  100  acres  of  land  in 
mixed  crops. 

HEIGHT  OF  DAM:  Available  funds  and  physical  characteristics  of  the  site  fix  the 
elevation  of  the  bottom  of  the  spillway  at  20  feet  above  the  bottom  of  the  natural 
ground  (h  of  fH.  2  -  30  ft.) . 

VOLUME  OF  POND:  Material  for  the  fill  ^ill  be  taken  from  the  pond  site.  Volume  of 
excavation  Vs  required  for  the.  fill  is  2.5  acre-feet  (about  4,000  cu.  yds.).  From 
a  survey  of  the  site,  volume  V..  for  ft  =  20  feet  is  found  to  be  36.2  acre-feet.  Total 
volume  V  x  +  Fs  =  38.7  acre-feet  or  465  acre-inches. 

TOTAL  DEPTH  OF  COMPLETED  POND:  The  maximum  depth  of  excavation  is  to  be  5  feet  be- 
low natural  ground  at  the  dam.    Total  depth  D  is  therefore  /l+5=20+5=25  feet. 

MEAN  SURFACE  AREA;    With  a  total  volume  of  38.7  acre-feet  and  a  total  depth  of  25 

33.7      ,  „ 

feet,  the  mean  surface  area  a  c  =  1.55  acres. 

SOLUTION  OF; PROBLEM  2 

figure  1  shows  the  location  to  be  in  zone  4. 

Step  1.  Determine  maximum  allowable  use  of  water  to  permit  filling  of  the  pond, 
from  the  expression  AR :%  V  +[7?  -  P)a  +  Da  (see  par.  (c),  p.  9) ,  we  find  that  the  use  U 
must  not  exceed  AR  -  (E  -  P}a  -  Da,  where  R  and  E  -  P  are  the  75  percent  values  for  17 
<>r  29  months  given  in  table  i. 

For  zone  4: 

R  ■  4.1  inches  and  E  -  P  •  54  inches  for  17  months 
R  -  8.7  inches  and  E  -  P  *  79  Inches  for  29  months 

With  these  values  and  the  given  A,  D,  and  a,  we        for  17  months 

(100  x  4.1)  -  (54  x  1.55)  -  465  =  -139  acre-inches 

which  means  that  at  the  end  of  17  months  the  pond  may  lack  139  acre-inches  of  being  full 
even  if  no  water  is  used  during  the  period.  In  view  of  the  purpose  of  the  pond  it  may  be 
feasible  to  allow  29  months  for  filling,  in  which  case  U  during  the  29  months  may  not  ex- 
ceed 


(100  x  8.7)  -  (79  x  1.55)  -  465  =283  acre- inches 
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Step  2.    Determine  maximum  dependable  supply  that  can  be  maintained  after  the  pond 
is  filled.    From  the  expression    AR  +  Da  5  U  +  (S  -  P)a    {see  par.   (b),  p.  9),   We  find 
that,  to  maintain  a  dependable  supply  during  periods  following  the  filling  of  the  pond, 
U  should  not  exceed    AR  +  Da  -  (E  -  P)a,     where  E  -  P  and  R  are  the  96  percent  values  for 
zone  i  given  in  table  1  for  the  3  critical  periods.    These  values  are: 


Critical 

E  -  P 

R 

Period 

months 

inches 

i nches 

5 

43 

0.26 

17 

81 

.60 

29 

110 

3.00 

With  the  above  data  and  the  given  values  of  A,  D,  and  a,  we  find  the  following  allowable 
values  of  V: 


For  5  months,  (100  x 
For  17  months,  (100  x 
For  29  months,   (100  x 


0.26)  +  465  -  (  43  x 
0.6)  ♦  465  -  (  81  x 
3.0)     +  463  -  (110  x 


1.55)  =  424  acre- inches 
1.55)  =  399  acre- inches 
1.55)  -  595  acre- inches 


Neglecting  the  value  for  5  months  which,  per  growing  season,  is  much  higher  than  those 
for  17-  and  29-month  periods,  and  deducting  amounts  required  for  cattle  (9  ac.-in.  for  17 
months  and  15  for  29  months) ,  we  find 


399  -  9 

  =  195  acre-inches  per  growing  season 


595  —  15 

  =  193  acre- inches  per  growing  season 


which  means  that,  having  once  filled,  the  pond  will  provide  a  dependable  supply  of 
193  acre-inches  per  growing  season.  Calculations  for  periods  longer  than  29  months  would 
show  greater  a.nounts  available  for  use. 


CONCLUSIONS:  Ho  water  for  supplementary  irrliation  should  be  expected  during  the 
first  and  3econd  seasons  after  completion.  About  193  acre-inches  (16  ac.-ft.)  per  prov- 
ing season  nay  be  expected  to  be  audilable  for  irrigation  after  the  pond  is  once  filled. 
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-  ong  of  Excsv&tsa"  pen-is: - 

Vfien  excavation  is  involved  and  particularly  when  the  pond  is  wholly  or  nearly 
wholly  in  excavation,  it  is  al3o  necessary  to  determine  the  dimensions  or  the  pond  which 
for  a  given  total  depth  will  result  in  various  total  volumes  and  therefore  various  mean 
surface  areas.  For  excavated  ponds  with  uniform  side  slopes  and  with  top  surface  areas 
nearly  horizontal  and  approximating  regular  geoestric  shapes,  the  dimensions  of  the  sur- 
face area  of  the  pond  at  the  original  ground  surface  can  be  readily  computed.  The  hori- 
zontal sections  of  cost  excavated  ponds  are  either  roughly  circular  or  rectangular. 
Foraulas  for  computing  the  top  diameters  of  circular  ponds  and  the  top  widths  of  rec- 
tangular ponds  are  given  below: 

For  circular  ponds: - 


Top  diameter  =  SD 


/  7  MPT* 

+  V  34.36     -  — 3— 


where     S    is  the  side  slope   (ratio  of  horizontal  to  vertical  dimens  ion) 
D    is  the  depth  m  feet 
V    is  the  volume  in  cubic  yards 

For  S  -  3,  D  -  8  feet,  and  7  =  1,200  cubic  yards, 


/         1,200      (24) 2 
The  top  diameter  =  24  +V  34.4     |§   3   -  =  94.5  feet 

For  rectangular  ponds: - 


/IT  '27  T] 

(FSD  +  SD;s  -  4/    J  (SD)2  -  ~b~~\ 


Top  width  = 


2F 


where    ¥    is  the  ratio  of  top  length  to  top  width 

S    is  the  side  slope   (ratio  of  horizontal  to  vertical  dimension) 

D    is  the  depth  in  feet 

7    is  the  volume  in  cubic  yards 

For  S  =  3  and  F  =  t.5,  this  formula  reduces  to 

Top  width  =  2.5  D  +Y  18  "jf  -  1.75  D* 

Values  of  top  diameters  for  circular  excavations  and  top  widths  for  rectangular 
excavations  with  length  1.5  times  the  width  ore  given  in  table  2  for  3:1  side  slopes. 
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Table  2. — Top  dimensions  in  feel  of  excavated  circular 
and  rectangular  ponds  uith  3:1  side  slopes  for  vari- 
ous volumes  ani  depths. 


Volume  of 

Depths 

Excavation 

3  ft . 

4  ft . 

o  It. 

D    I  L  . 

i  it. 

8     f  t  . 

9  ft. 

10  ft. 

cu.  yards 

4  ee  t 

feet 

/(St 

J  €  ft  t 

feet 

J  C  C  i 

fee  t 

fee  t 

Top 

Diameters  o 

i  Circular  F 

onds 

200 

56. 5 

^O  Q 

Oi.  •  1 

OU .  <c 

* 

0 

300 

A7  i\ 

fil  *\ 

OA  •  O 

58  •  8 

!>#  .  J 

OO .  O 

56.5 

0 

400 

7A  4. 

70  O 

66.7 

XA .  f 

tXJ  •  ( 

A1  1 

o 

500 

(  O-  O 

72.5 

70.0 

.(J 

■^ft  n 
oo.  yj 

£17  fi 
o  *  •  o 

600 

01  *7 

QO  d 

78.  S 

75. 7 

7'}  Q 

TO  ft 

f«rO 

71 . 

700 

yo .  j 

OA  A 

83 . 8 

80.2 

78.0 

*  o.  y 

76.2 

75 . 6 

800 

lOi  •  O 

9^4. 6 

88. 6 

84.9 

82.5 

ft  1  A 

Ol  •  u 

QA  A 

79.2 

900 

1  1  A  A 

99.6 

93.3 

89 .0 

86.2 

84. 7 

HT  A 
OO  .  O 

82  •  8 

1,000 

110  •  0 

104 .2 

97.7 

93 .0 

90.0 

QQ  A 

ftA  ft 

oo.  o 

86. 0 

1,100 

121.0 

108. 9 

101 . 7 

96.7 

93.2 

Q1  O 

yi  ■  — 

on  n 
yu  •  \j 

89 .0 

1,200 

1  Oft  A 

1  1  O  ^ 

llo  •  0 

105.4 

100.3 

96. 8 

y-t.  o 

QO  O 

y<5 .  j 

91  •  9 

1,300 

i  in  a 
UU  .  o 

117 .2 

109.2 

103 .5 

99.8 

yo  •  j 

Ol  A 

yi .  o 

1,400 

135 .0 

121 . 1 

112.8 

107.0 

103 .0 

1  AA  O 

iuu  •  o 

Oft  ^ 

yo  •  o 

Q7  O 

1,500 

uy.  / 

125 .0 

116. 1 

110.0 

105. 8 

1  A">  A 

1U1  .  u 

OO  ft 

1,600 

144.3 

129.0 

119.4 

113.2 

108.8 

105.8 

103.6 

102.1 

1,700 

148.0 

132.1 

122.9 

116.0 

111.2 

108.4 

106.0 

104.3 

1,800 

152 . 1 

135. 7 

1  OA  A 

119.0 

114.2 

110.9 

108.2 

106.8 

1,900 

156.2 

139.0 

129.0 

121.8 

116.7 

113.2 

110.4 

108.7 

2,000 

1  AA  Q 
lOU  •  J 

1  io  o 
it-  •  o 

132 . 0 

124.5 

119.0 

lie  <y 
11D  .  / 

1  1  O  ft 

1 1  n  o 

1  lu  .  i> 

2,100 

1  ai  n 

1  Ol  »U 

1  |  A  A 

135.0 

127.0 

121.8 

1 1  a  a 
llo  .(J 

1  1  d.  Q 

ill .  y 

112  •  9 

2,200 

1  R7  7 
lOi  •  1 

1  1Q  O 

137. 9 

129.7 

124.1 

1 0A  A 

117  n 
11  (  •  u 

1  1  ^  fi 

2,300 

171  O 
1  i  1  .  U 

1  ^O  ^ 
lew!  •  O 

140.5 

132.0 

126.6 

■!  OO  O 
1^  .  J 

11ft  o 

no  •  y 

117  n 

111  »u 

2,400 

171  ft 
1  li  •  O 

1  re  e 

143 . 1 

134.6 

128.9 

1  O  1  A 

191  A 
1^1  •  u 

lift  Q 

i  io .  y 

2,500 

1 7o  a 
1  /O.  U 

lOO  .  o 

145. 7 

137.0 

131.1 

426. 5 

1  OO  Q 

1  OA  ft 

2,600 

1  ftl  T 

1  fit  0 
lOl  •  J 

148.4 

139.0 

133.2 

1  Oft  ,1 

l^o*  ** 

1  o^i  n 

l^O.  u 

1  OO  ft 

2,700 

1  01  -i 
1  O-i  •  -« 

1D-4  .  1 

150 . 8 

141.5 

135.4 

130«  7 

1  ">-l  A 
l*--«  •  o 

2,800 

187  •  9 

1  Afi  Q 

153  •  6 

144.0 

137.6 

1  OO  ft 
Uw  •  o 

129  *  0 

1  '">A 
J-*-0  •  o 

2,900 

1  CkC\  Q 

iju  •  y 

1  AO  1 

155 . 7 

146.0 

139.6 

1  O  1  ft 

1  OA  Q 

lou .  y 

1  Oft  o 

i»o  *  <; 

3,000 

1  "TO  T 

158*2 

148.7 

141.8 

1  OA  T 
UO.  r 

1 0O  Q 

1  in  n 

low  .  <J 

Top 

HluulS  01  rte 

2 1  an  aju  1  a  r  Po 

ids  with  Lenstns  =  1.5  tl 

ie  wldtris 

200 

.11  ft 

OQ  ^ 

oy .  o 

38. 5 

« 

* 

300 

1Q  K 

-*y  •  o 

Aft  9. 

4-4  •  4 

43.5 

* 

400 

56. 3 

52.2 

1 A  Q 

-*y .  y 

48.8 

48.2 

$ 

500 

AO  o 

■^7  1 

54 . 1 

52.7 

51.9 

$ 

600 

fi7  1 
Of  t  u 

fil  7 
OJ.  •  / 

Do  *  O 

56.7 

55.7 

o 

700 

7*3  =^ 

AA  i  i 
DO.  V 

62 . 3 

60.4 

58.8 

so  o 

800  • 

-rc  c 
i  O  •  O 

CO  7 

oy  •  < 

65  •  8 

33.3 

31.9 

01  *  1 

900 

ft  i  n 

7T  A 
<  O  •  O 

69 . 0 

66.5 

64.5 

RO 

OO  •  O 

AO  O 
OO  . 

9 

1,000 

o** .  y 

77  n 

TO  1 

69.2 

67.4 

OO  ■  — 

oo .  o 

1,100 

.  OO.  O 

ftn  i 

75.0 

72.0 

39.9 

68 . 8 

68 . 0 

£17  ^ 
0  (  «  O 

1,200 

QO  O 

ftO.  0 
OO  .  0 

77. 9 

74.6 

72.2 

*71  A 
(  1  .U 

7  A  A 

fiO 

oy .  o 

1,300 

Q^i  ^ 
U-J  •  O 

ftA  1 
OO  .  1 

OA 

77.0 

74.5 

70  1 
i  O  .  1 

-TO  1 

(am  X 

71  ^ 

1,400 

Oft  ft 

yo  ■  o 

fto  n 
oy .  u 

CO  A 

bo  .  U 

79.5 

76.8 

Te^  O 

74 . 0 

70  O 

1,500 

1  AO  A 

U1  7 

y  i .  / 

35.4 

81.6 

78.9 

77 . 1 

/o.  u 

O 

1,600 

105. 1 

94.7 

88. 1 

84.0 

81.0 

79.1 

77.8 

77.0 

1,700 

108.2 

96.9 

90.1 

86.0 

82.8 

81.0 

79.6 

78.7 

i   c  aa 
1  ,OUU 

111.0 

99.4 

92.4 

88.0 

84.8 

S2..8 

81.2 

80.2 

1,900 

113.9 

101.8 

94.6 

90.0 

86.6 

84.5 

82.9 

82.0 

2,000 

117.0 

104.7 

97.1 

92.1 

88.6 

86.2 

o4.6 

83.5 

2,100 

119.4 

106.5 

93.8 

94.0 

90.2 

87.9 

86.0 

85.0 

2,200 

122.0 

108.8 

100.9 

95.8 

92.0 

89.5 

87.6 

85. 1 

2,300 

124.  ~ 

111.0 

102.9 

97.5 

93.8 

91.0 

89.1 

83.0 

2,4O0 

127.5 

113.9 

105.2 

99.4 

95.5 

92.6 

90.7 

89.4 

2,500 

130.0 

115.4 

106.8 

101.2 

97.1 

94.2 

92.2 

90. 8 

2,600 

132.4 

lib. 2 

109.0 

102.8 

98.7 

95.8 

93.7 

92.2 

2,700 

134.8 

119.8 

110.5 

104.5 

100.3 

97.2 

95.0 

93.6 

2,800 

137.1 

122.2 

112.5 

106.2 

101.8 

98.7 

96.4 

94.9 

2,900 

139.4 

124.3 

114.8 

107.8 

103.2 

100.0 

97.8 

96.1 

3,000 

141.7 

126.2 

113,4 

109.5 

104.5 

101.5 

99.0 

97.3 

impossible  or  Impractical  to  excavate  with  3:1  or  flatter  side  slopes 
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Si-pMf.i.ed. Procedure  for  Small  -Ponds: 

In  small  ponds  intended  primarily  for  stock  water,  fairly  wide  fluctuations  in  the 
depth  of  water  may  be  permitted  without  greatly  impairing  the  value- of  the  pond  as  a 
source  of  water  for  livestock.  Tne  cost  of  such  small  ponis  including  appurtenances  such 
as  watering  troughs  and  fences  wnich  seldom  exceeds  $500  may  not  Justify  even  the  simple 
surveys  and  computations  involved  in  using  the  expressions  (2),  (3),  and  (4)  presented 
in  tne  foregoing  paragrapns.  It  was  tnerefore  necessary  to  make  a  number  of  assumptions 
wnich  would  permit  the  development  of  a  direct  and  simple  method  which  could  be  used  in 
planning  such  ponds  in  the  fields. 

By  limiting  the  total  capacity  of  such  ponds  to  3  acre-feet,  confining  the  total 
cost  to  $500,' and  by  making  further  permissible  assumptions,  it  was  possible  to  develop 
a  simplified  procedure  for  the  design  of  small  ponds  wnich  can  be  expected  to  provide  a 
dependable  supply  of  water  up  to  12  acre-incnes  per  annum. 

In  developing  tne  simplified  procedure,  it  was  assumed  that  for  unexcavated  ponds 
on  small  drainage  areas  the  ratio  of  mean  surface  area  to  the  surface  area  at  spillway 
elevation  f or  a  given  depth  can  for  practical  purposes  be  considered  constant.  The 
values  of  this  ratio  and  tne  relation  between  surface  areas  at  various  depths  were  de- 
rived by  Mr.  rV.  D.  Potter  from  detailed  topographic  maps  of  a  large  number  of  experi- 
mental watersneds  in  various  parts  of  tne  United  States  and  from  data  on  farm  ponds  con- 
structed by  the  Soil  Conservation  Service.  The  values  derived  by  Mr.  Potter  were  veri- 
fied by  the  authors  for  a  large  number  of  ponds  in  tne  Claypan  Prairies. 

Separates  based  on  this  publication  were  prepared  and  made  available  for  use  in  de- 
sign of  small  farm  ponds  in  the  Claypan  Prairies  of  Illinois  and  Indiana,  Iowa,  Missouri, 
Kansas,  and  Oklahoma.  These  separates  include  also  values  of  rates  of  runoff  based  on 
Part  II  of  this  publication  for  use  in  tne  design  of  spillwavs  on  small  ponds  and. of 
other  conservation  structures. 

REFERENCES  ON  CONSTRUCTION  AND  MANAGEMENT  OF  FARM  PONDS 

The  hydrologic  design  outlined  in  the  preceding  pages  is  basic  and  most  important 
in  insuring  a  dependable  water  supply  in  a  farm  pond.  It  is,  however,  not  the  only  fac- 
tor to  be  considered.  Suitable  spillways  must  be  provided  to  safely  dispose  of  excess 
water.  Sound  construction  procedures  must  be  followed  in  building  dams  and  in  excava- 
tion. Suitable  appurtenances  such  as  watering  troughs,  pipes,  and  valves  must  be  prop- 
erly installed.  The  dams  and  dikes  must  be  properly  protected.  In  addition  to  the  con- 
struction phases,  tnere  are  the  management  problems  such  as  proper  stocking  of  fish  ponds, 
control  of  weeds  and  of  aquatic  vegetation,  fertilizing  to  provide  food  for  fish,  con- 
trolling the  number  and  size  of  fisn,  and  various  other  biological  problems  involved  in 
the  management  of  farm  ponds  for  fish,  wildlife,  livestock,  and  domestic  use.  The  sani- 
tation aspect,  including  malaria  hazard,  must  always  be  kept  in  mind.  These  problems  and 
many  others  not  mentioned  are  beyond  the  scope  of  this  publication.  >It  will,  however,  be 
well  to  call  attention  to  a  number  of  publications  issued  by  the  Soil  Conservation  Serv- 
ice and  other  agencies  which  contain  information  on  the  hydraulic  characteristics  of 
grassed  waterways  and  of  structures  used  as  spillways  on  farm  ponds,  on  methods  of  con- 
struction and  protection  of  farm  ponds,  and  on  the  management  of  ponds  for  fish  and  wild- 
life.   These  publications  include: 

More  Fam  Ponds  Seeded,  By  Howard  Matson  (a  Preliminary  Report  of  the  Sub- 
committee  on  Ponds  and  Reservoirs  of  the  American  Society  of  Agricultural 
Engineers,  Agricultural  Engineering,  Vol.  21,  No.  11,  November  1943 
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A  Report  on  Farm  Reservoirs,  by  A.  W.  Zingg  (to  be  published  as  a  bulletin 
of  the  Missouri  Agricultural  Experiment  Station) 

Stock-Hater  Developments  -  Hells,  Springs,  and  Ponds,  by  C.  L.  Hamilton 
and  Hans  G.  Jepson,  Fanners'  Bulletin  No.  1859,  USDA 

fundamental  Hydrologlc  Considerations  for  the  Design  of  Impounding  Res- 
ervoirs In  the  Middle  Vest,  by  E.  L.  Waterman,  F.  T.  Mavis,  and  Edward 
Soucek,  reprint  from  Journal  of  the  American  Water  Works  Assoc.,  Vol.  28, 
No.  2,  February  1936 

Specimen  Plans  and  Information  to  be  Used  In  the  Design  of  Small  Earth  Dams 
In  Oklahoma,  by  W.  C.  Burnham,  Oklanoma  Planning  and  Resources  Board, 
Div.  of  Water  Resources,  1938 

Construction  and  Management  of  Farm  Ponds,  by  John  R.  Carreker,  Agricul- 
tural Engineering,  February  1946 

LOW  Dams,  National  Resources  Committee,  1938 

Fish  for  Food  from  Farm  Ponds,  by  Verne  E.  Davison  and  J.  A.  Johnson, 
Farmers'  Bulletin  No.  1938,  USDA 

Ponds  for  Midlife,  by  Philip  F.  Allan  and  Cecil  N.  Daviff,  Faraers*  Bul- 
letin No.  1879,  USDA 

Techniques  of  Fish  Pond  Management,  Miscellaneous  Publication  No.  528, 
USDA 

Farm  Fish  Ponds,  by  C.  E.  Addy,  C.  F.  DeLaBarree,and  D.  W.  Cardwell,June 
1942,  Va.  Polytechnic  Institute 

Management  of  Farm  Fish  Ponds,  by  H.  S.  Swingle  and  E.  V.  Smith,  Bulletin 
254,  April  1942,  Ala.  Polytechnic  Institute 

Tests  on  Vegetated  Hatervays,  by  Maurice  B.  Cox,  Technical  Bulletin  No. 
T-15,  Oklahoma  Agricultural  and  Mechanical  College 

Larger  Aquatic  Plants  of  Oblanorza  vtth  Special  Reference  to  Their  Value  as 
Fish  Culture,  Technical  Bulletin,  Oklahoma  Agricultural  Experiment  Sta- 
tion, 1938,  by  James  de  Grucny 

Hater  Hlllovs  for  Shoreline  Erosion  Control  In  Farm  Ponds,  by  Horace  J. 
Harper,  Soil  Conservation,  March  1944 

Grassed  Haterwys  for  Handling  Runoff  from  Agricultural  'Areas,  by  C.  E. 
Ramser,  Agricultural  Engineering,  vol.  24,  Mo.  12,  pp.  412-18,  December 
1943 

Tests  of  Bermuda  Grass  Channel  Linings,  by  R.  L.  Burt  under  the  super- 
vision of  W.  0.  Ree,  Release  No.  3,  SCS  mimeographed  publication,  September 
1939 

Tests  of  a  Centipede  Grass  Channel  Lining,  i.-y  w.  0.  Ree,  Release  No.  4, 
SCS  Bimeograpned  publication,  August  1940 
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Hydraulic  Tests  cf  Kudzu  is  a  Conservation  Cnannei  Lining,  by  w.  o.  Ree, 
Agricultural  Engineer:1 gg,  January  1941,  pp.  27-29 

Characteristics  of  Sore  Meadow  Strip  Vegetations,  by  H.  L.  Cook  and  F.  B. 
Campbell,  Agricultural  Engineering,  September  1939,  pp.  345-48 

laboratory  Tests  of  Bluegrass  Terrace  Outlet  Channels,  by  D.  D.  Smith, 
Agricultural  Engineering,  October  1943,  pp.  333-6,  342 

Beoort  on  Tests  Hade  on  Three  Types  of  Flume  Entrance,  by  Fred  W.  Blais- 
dell  and  Albert  N.  Huff,  St.  Antnony  Falls  Hydraulic  laboratory,  University 
of  Minnesota,  Minneapolis,  Minnesota,  SCS  multilithed  publication,  August 
1944 

The  SAF  Stilling  Basin,  by  F.  W.  Blaisdell,  St.  .Anthony  Falls  Hydraulic 
Laboratory,  University  of  Minnesota,  Minneapolis,  SCS  multilithed  publica- 
tion, December  1943 

Hydraulic  Design  of  Rectangular  Spillways,  by  a.  N.  Huff,  St.  Anthony 
Falls  Hydraulic  Laboratory,  University  of  Minnesota,  Minneapolis,  SCS 
mimeographed  publication,  October  1943 

Erosion  Control  Structures  -  drop  Inlets  and  Spillways,  by  Lewis  Hanford, 
Kessler  Research  Bulletin  122,  USDA,  etc.,  Agricultural  Experiment  Station 
and  Engineering  Experiment  Station,  Wisconsin,  June  1934 

Hydraulic  Design  of  Drop  Structures  for  Gully  Control,  by  B.  T.  Morris  and 
D.  C.  Johnson  (Cal.  Tech.),  Paper  No.  2198,  Reprinted  from  Transactions  of 
American  Society  of  Civil  Engineers,  Vol.  108,  pp.  887-940  (1943) 

Baffle  Type  of  Energy  Oissipator  for  Pipe  Outlets,  by  v.  a.  Vanoni,  J.  T. 
Rostrom,  Agricultural  Engineering,  August  and  September  194-4,  pp.  301  and 
341 

Tests  of  a  Standard  Culvert  Outlet  for  Use  with  Drop  Inlet  Culverts,  by 
Fred  W.  Blaisdell,  SCS  mimeographed  publication,  October  1941 

Flow  of  Mater  in  Vegetal  Lined  Waterways,  by  W.  0.  Ree  and  V.  J.  Palmer, 
in  manuscript 

Preliminary  Results  of  Tests  on  Pipe  Bleeders  Laid  on  Steep  Slopes,  by 
F.  W.  Blaisdell,  St.  Anthony  Falls  Hydraulic  Laboratory,  University  of 
Minnesota,  .Minneapolis,  SCS  mimeographed  publication,  November  1942 

The  Capacities  of  Rectangular  Notches,  by  w.  0.  Ree,  Release  No.  2,  SCS 
mimeographed  publication,  December  1938 

Flow  Of  Hater  in  Flumes,  by  F.  C.  Scobey,  Technical  3ulletln  No.  393,  1933, 
USDA 

Flow  of  Water  in  Irrigation  and  Similar  Canals,  by  Fred  C.  Scobey,  T.  B. 
No.  652,  USDA,  1939 

The  Flow  of  Water  in  Riveted  Steel  and  Analogous  Pipes,  by  Fred  C.  Scobey, 
T.  B.  No.  150,  USDA,  1930 

Flow  of  Water  in  Concrete  Pipe,  by  Fred  C.  Scobey,  (USDA  bull.  (Prof.  Paper) 
No.  852  reprinted  1924) 
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PART  II.     RATES  OF  RUNOFF  FOR  USE  IN  DESIGN  OF  SPILLWAYS 
AND  OTHER  CONSERVATION  STRUCTURES 


Rates  of  runoff  are  determined  by  the  following  factors:  Size  of  drainage  area; 
intensities  and  amounts  of  rainfall:  moisture  content  of  the  soil;  texture,  structure, 
and  depth  of  soil;  vegetal  cover  and  tillage;  physiographic  features  such  as  configura- 
tion, sliape,  and  degree  of  dissection  (drainage  density) ;  and  slopes  and  other  hydraulic 
characteristics  of  cnannels  and  watercourses.  The  records  of  maximum  rates  of  runoff 
from  the  several  experimental  watersheds  in  the  Claypan  Prairies  were  analyzed  with  the 
above  factors  in  mind.  The  results  of  this  analysis  are  given  in  figures  3  and  4.  A 
good  portion  of  the  land  included  in  the  area  of  application  (fig-  1)  is  devoted  to 
permanent  pasture.  This  makes  it  necessary  to  consider  rates  for  grassed  as  weii  as 
cultivated  areas  even  when  expectancies  of  25  years  or  longer  are  involved. 

The  Claypan  Prairies  lie  in  &  region  where  rainfall  intensities  increase  from  the 
northeast  to  soutnwest.  To  provide  for  the  corresponding  variations  in  rates  of  runoff, 
the  values  derived  from  the  available  records  were  all  reduced  to  a  common  base.  Factors 
were  developed  by  which  rates  obtained  from  figures  3  and  4  must  be  multiplied  when 
applying  them  in  various  parts  of  the  areas  of  application.  These  factors  varying 
from  0.95  in  Indiana  to  1.00  in  western  Illinois  and  1.13  on  the  western  edge  of  the 
areas  of  application  are  shown  in  figure  1. 

The  limited  range  in  size  of  the  experimental  drainage  areas  in  the  Claypan  Prairies 
does  not  permit  the  direct  determination  of  variation  in  rates  of  runoff  with  size  of 
drainage  area.  The  values  for  the  curve  in  figure  A  were  obtained  by  applying  to  the 
available  records  factors  derived  from  runoff  and  watersned  studies  conducted  by  the 
Soil  Conservation  Service  in  other  areas.  These  factors  were  applied  only  within  limits 
deemed  proper  by  the  authors.  Records  from  experimental  areas  of  various  sizes  must  be 
obtained  in  the  Claypan  Prairies  before  values  for  a  wider  range  in  size  can  be  deter- 
mined. 

Economic  considerations  entering  into  the  design  of  the  majority  of  conservation 
structures  seldom  Justify  greater  expenditures  than  are  necessary  to  provide  capacities 
required  to  safely  dispose  of  flows  which  may  be  expected  on  the  average  not  more  than 
once  in  25  years.  On  the  other  hand,  tne  reduction  in  initial  cost  of  small  structures 
which  may  result  from  the  use  of  values  for  shorter  recurrence  intervals  will  in  most 
instances  be  small.  Such  reductions  In  cost  will  be  represented  by  small  savings  in 
materials  only.  The  curves  in  figures  3  and  I  are  tnerefore  for  a  25-year  recurrence 
interval.  For  a  50-year  interval,  the  values  would  be  about  10  percent  greater  than 
those  given  in  figure  4. 

The  values  for  terraced  areas  used  in  preparing  figure  3  are  based  on  records  from 
2  experimental  areas  shown  in  figures  5  and  6.  It  must  be  pointed  out  that  the  lengths 
of  terraces,  horizontal  interval  between  them,  the  grades  of  terraced  channels,  and  the 
hydraulic  properties  of  the  terrace-outlet  channels  (grade,  hydraulic  radius,  roughness, 
and  other  characteristics)  all  have  an  effect  on  rates  of  runoff  from  a  terraced  area. 
I t  is  tnerefore  more  logical  to  base  rates  of  runoff  for  terraced  areas  on  records  from 
individual  terraces  of  various  lengths.  N'o  sucn  records  are  available  for  the  Claypan 
Prairies.  In  view  of  the  above,  figure  3  wnen  used  for  terraced  areas  is  intended  only 
as  a  guide.  The  characteristics  of  the  experimental  areas  shown  in  figures  5  and  S 
should  be  kept  in  mind.  The  rates  given  in  figure  3  may  be  adjusted  upward  or  downward 
depending  on  wuetner  the  average  length  of  tne  terraces  in  any  particular  case  is  shorter 
or  longer  than  in  the  experimental  areas.  Adjustment  may  also  be  made  if  other  charac- 
teristics of  tne  terraces  and  of  the  terrace-outlet  channels  differ  widely  from  those 
snown  in  figures  5  and  6- 
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Figure  3- Rotes  of  runoff  for  the  design  of  conservation  structures  in  the  Cloypan  Prairies  on  drainage  areas  up  to  100  acres  _ 
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Figure  4- Rates  of  runoff  for  the  design  of  conservation  structures  in  the  Claypon  Prairies  on  drainage  areas 
in  Mixed  Cover  rongmg-m  size  from  100  to  1600  ocres 
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Reduction  of  Rates  of  Runoff  by  Spillway  Storage: - 

The  estimated  25-year  rates  of  runoff  (figs.  3  and  I)  are  based  on 'records  of  maxi- 
mum rates  of  runoff  recorded  on  small  watersheds.  The  duration  of  these  maximum  rates 
is  seldom  greater  tnan  3  or  4  minutes.  Spillways  on  reservoirs  need  not  be  designed 
for  such  momentary  rates,  especially  wnen  the  ratio  of  surface  area  at  spillway  elevation 
to  drainage  area  is  relatively  large.  No  experimental  studies  have  yet  been  made  to  de- 
termine quantitatively  the  permissible  reductions  in  rates  of  runoff,  but  investigations 
of  effect  of  pondage  made  by  the  authors  in  other  studies  indicate  tnat  for  drainage 
areas  of  less  than  50  acres  with  surface  reservoir  areas  at  spillway  elevation  greater 
than  0.5  acre  the  reduction  may  be  as  much  as  3u  percent  or  greater.  For  drainage  .-raas 
of  less  tnan  20  acres,  the  values  in  figure  3  may  well  be  used  without  reduction;  the 
quantities  of  flow  are  small  and  tne  structures  usually  are  grassed  waterways  or  small 
masonry  structures  in  which  reduction  of  capacity  does  not  greatly  affect  the  cost.  Ho 
factor  of  safety  need  be  applied  to  those  values.  For  ponds  and  reservoirs  involving 
larger  drainage  areas,  recommendations  for  reductions  must  await  further  study  and  analy- 
sis. , 
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